INTRODUCTION
Studies on the mechanism of respiratory response to airborne chemical irritants are interesting especially regarding the problem of evaluating the irritant potential of air pollution.
It has been shown that stimulation of the trigeminal nerve endings by chemical irritants is
followed by a decrease in respiratory rate which is proportional to the inhaled concentration1,2). There are previous reports indicating that sulfur dioxide, a common chemical irritant in the atmospheric pollutants, can stimulate the trigeminal nerve endings in the nasal mucosa as well stimulation of the cholinergic nerve endings of the trigeminus by sulfur dioxide was followed by a decrease in respiratory rate and that this reaction was accompanied with desensitization within a few minutes of continuous exposure. This pattern of respiratory response has been explained based on the reducing properties of sulfite to disulfide bonds in a receptor protein.
In the present paper, some additional experiments were made to investigate the mode of sensory irritation and desensitization by sulfur dioxide.
MATERIALS AND METHODS
The dd strain mice weighing about 25 gram were used in this experiment. Four mice were exposed simultaneously to each concentration of SO2. Each mouse was put into a small sealed plastic tube forming a body plethysmograph which was attached to a plastic exposure chamber with a volume of approximately 2 liters. The respiratory rate was obtained by recording pressure changes in the tube.
The sulfur dioxide for exposure was obtained from a gas cylinder containing approximately 1000 ppm of SO2 in nitrogen.
This mixture of gases was metered into the exposure chamber and diluted with the incoming room air to obtain different exposure concentrations.
In all instances, samples taken of the exposure atmosphere were analyzed for SO2 by the West and Gaeke's method6). The respiratory rate was calculated for each 15-second interval and the percent decrease in respiratory rate was obtained by the comparison with the respiratory rate determined for each animal prior to exposure to SO2.
The experimental conditions are as follows: 1. Seven groups, each of four mice, were exposed to SO2 at the concentration of 0 (room air) 4. Six groups, each of four mice, were exposed to 23 ppm SO2 followed by 43, 108 or 308 ppm SO2, to 43 ppm SO2 followed by 114 or 316 ppm SO2, and to 108 ppm SO2 followed by 316 ppm SO2, respectively. In each 10 minutes' exposure, the respiratory rate was calculated every 15 seconds during the first 5 minutes of exposure and every minute thereafter.
RESULTS
The results obtained when mice were exposed to various concentrations of SO2 for 10 minutes are shown in Figs. 1 However, the slope of the recovery curve for each exposure appeared to be almost the same independently of the concentration of SO2 and indicates that the recovery rate is not affected by the exposure concentration.
The results obtained when mice were exposed to xylocain aerosol for 5 minutes immedi- The data prints for exposure to xylocain aerosol were omitted because mice exposed for 5 minutes to xylocain aerosol alone did not elicit any change in respiratory rate. With exposure to SO2, the pattern of respiratory response was exactly similar to that for normal mice not previously exposed to xylocain aerosol; i.e., a rapid decrease in respiratory rate was followed by a gradual return toward control level.
A does-response curve obtained with these local anesthetized mice is presented in Fig. 3 could not be reached within 10 minutes' exposure so long as the concentration of SO2 was not extremely low. The possible difference in the strain of the experimental animal is suggested to be one of the reasons for this disagreement. Immediately following 10 minutes' exposure to a given concentration of SO2, the mice still reacted to another higher concentration of SO2 in a fashion less sensitive than the control animal not previously exposed to SO2.
In addition, it seems that there is a limit in the magnitude of desensitization which depends on the concentration of SO2. The return of respiratory rate toward preexposure level was also observed with repeated brief exposure to SO2 with brief room air for recovery between successive exposures and the rate of the return was independent of the concentration of SO2. The rate of desensitization may be dependent on time of exposure rather than on concentration of SO2. Therefore, if the exposure to SO2 were turned off at any time before the maximum desensitization, the magnitude of desensitization at that time may be constant independently of the concentration of SO2.
Xylocain aerosol did not inhibit the respiratory response to SO2. This result parallels the observation by Amdur11) that the cough reflex elicited by SO2 is not inhibited by procain, and indicates that the receptors sensitive to SO2 are not influenced by local anesthesia.
It has been shown that the mice exposed to SO2 while breathing through a tracheal cannula so that the gas came in contact only with the lung and not with the trachea failed to react similar to control mice breathing through the nose5). This indicates that the reflex respiratory depression by SO2 is induced by stimulation of the trigeminal nerve endings in the upper respiratory tract. Nadel et al12) studied the mechanism of bronchoconstriction produced by SO2 in cats, indicating that exposing only the upper airways produced an increase of pulmonary resistance which was blocked by atropine or by cooling of cervical vagosympathetic nerves. Similar results were reported by Widdicombe5) for cough reflex elicited by inhalation of SO2 or fine dust. He also found that after several inhalations of SO2, the animals became completely refractory to the gas but gave normal response to mechanical stimulation of the trachea.
Frank et al13) have reported that in human subjects when SO2 was administered twice in the course of one experiment, the response to the second exposure was less than that to the first one. The adaptation phenomenon in human subjects or in cats seems to be similar to the desensitization phenomenon in mice. However, no desensitization phenomenon has been observed in guinea pigs14).
A rapid decrease in respiratory rate can be considered as a quick and convenient function to protect harmful dose of irritant chemicals from reaching the alveoli. It has been shown that if mortality is chosen as a criterion of the toxicity, mice were less resistant than guinea pigs at high concentration of SO2 whereas guinea pigs were less resistant than mice at low concentration15,16). The state of reduced sensitivity following exposure to SO2 will increase tolerance of animals to the gas wtihin a short period of time but it may be one of the factors in the production of toxic effects with a prolonged period of exposure.
SUMMARY
The respiratory reaction produced by sulfur dioxide was studied with the dd strain mice.
Sensory irritation by sulfur dioxide was accompanied with a rapid decrease in respiratory rate which reached a peak within a few minutes and was followed by a gradual recovery while exposure continued. The degree of maximum response was directly proportional to the exposure concentration.
Xylocain aerosol did not change the respiratory response to sulfur dioxide, indicating that the receptor sensitive to sulfur dioxide can not be affected by local anesthesia. The mice desensitized by a given concentration of SO2 to its sensory irritation still reacted to another higher concentration of SO2 in a fashion less sensitive than the normal mice not previously exposed to SO2. The rate of desensitization was dependent on time rather than on concentration of SO2, but it seems that there is a certain limit in the magnitude of desensitization which depends on the concentration of SO2.
